Background and Purpose-Angiographic revascularization grading after intra-arterial stroke therapy is limited by poor standardization, making it unclear which scale is optimal for predicting outcome. Using recently standardized criteria, we sought to compare the prognostic performance of 2 commonly used reperfusion scales. Methods-Inclusion criteria for this multicenter retrospective study were acute ischemic stroke attributable to middle cerebral artery M1 occlusion, intra-arterial therapy, and 90-day modified Rankin scale score. Post-intra-arterial therapy reperfusion was graded using the Thrombolysis in Myocardial Infarction (TIMI) and Modified Thrombolysis in Cerebral Infarction (mTICI) scales. The scales were compared for prediction of clinical outcome using receiver-operating characteristic analysis. Results-Of 308 patients, mean age was 65 years, and median National Institutes of Health Stroke Scale score was 17. The mean time from stroke onset to groin puncture was 305 minutes. There was no difference in the time to treatment between patients grouped by final TIMI (ie, 0 versus 1 versus 2 versus 3) or mTICI grades (ie, 0 versus 1 versus 2a versus 2b versus 3). Good outcome (modified Rankin scale, 0-2) was achieved in 32.5% of patients, and mortality rate was 25.3% at 90 days. There was a 6.3% rate of parenchymal hematoma type 2. In receiver-operating characteristic analysis, mTICI was superior to TIMI for predicting 90-day modified Rankin scale 0 to 2 (c-statistic: 0.74 versus 0.68; P<0.0001). The optimal threshold for identifying a good outcome was mTICI 2b to 3 (sensitivity 78.0%; specificity 66.1%). Conclusions-mTICI is superior to TIMI for predicting clinical outcome after intra-arterial therapy. mTICI 2b to 3 is the optimal biomarker for procedural success. (Stroke. 2013;44:2509-2512.)
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E arly revascularization is associated with improved outcomes after acute ischemic stroke. 1 For this reason, the rate of device-specific revascularization has been used as a surrogate end point for US Food and Drug Administration clearance. [2] [3] [4] However, a major problem is the lack of a standardized approach to cerebral angiographic revascularization grading. 5 The 2 most commonly used cerebral angiographic revascularization grading systems are the Thrombolysis in Myocardial Infarction (TIMI) and Modified Thrombolysis in Cerebral Infarction (mTICI) scales. Moreover, these scales have been used in different studies to grade either recanalization of the primary arterial occlusive lesion or reperfusion of the distal tissue bed. 6, 7 This heterogeneous approach may explain, in part, why devices that have shown high revascularization rates in previous studies have failed to produce clinical benefits in recent trials. 8, 9 To address this issue, an expert panel drafted a consensus recommendation statement to standardize various aspects of angiographic revascularization grading. 10 Among these recommendations, reperfusion scales were supported for the primary measurement of procedural success.
Using the operational definition of reperfusion that was adopted by the panel, the aims of this study were to compare the TIMI and mTICI scales to determine whether one is superior for predicting clinical outcome after intra-arterial therapy
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(IAT), and subsequently to identify an optimal threshold for use as a surrogate end point in future IAT trials.
Methods
In this multicenter retrospective study, clinical, imaging, and treatment data were collected from the participating centers for statistical analysis at the coordinating center. Inclusion criteria were acute ischemic stroke attributable to middle cerebral artery M1 segment (ie, main stem proximal to the bifurcation) occlusion, intra-arterial therapy, and available 90-day modified Rankin scale (mRS) score. Thirty-one patients (10% of this study cohort) from a single center were included in a previous study that performed a distinct analysis comparing interobserver agreement between the modified and original thrombolysis in cerebral infarction scales. 11 Institutional review board approval was obtained at all centers for this Health Insurance Portability and Accountability Act-compliant study.
Revascularization Grading Methodology
Neurointerventionists and stroke neurologists with significant clinical and research experience in IAT convened in Chicago in January 2012 for a full-day round-table meeting with the purpose of standardizing cerebral angiographic revascularization grading methodology. The expert panel comprised stroke neurologists and neurointerventionists from neuroradiology, neurology, and neurosurgery. The consensus recommendations, which are published concurrently, supported tissue-level reperfusion as the primary measure of successful or effective revascularization. 10 The operational criteria for angiographic tissue reperfusion was defined as restoration of capillary-level contrast opacification as evidenced by a capillary blush (ie, tissue staining) achieved in an antegrade fashion ( Figures 1 and 2 ).
This operational definition was used by the local investigators to grade angiographic results after IAT using the TIMI and mTICI scales (Table) . The only difference between these scales is that partial reperfusion (TIMI 2) of the target downstream ischemic territory in the TIMI scale is further subdivided as minor (mTICI 2a: less than half of the target territory reperfused) or major (mTICI 2b: half or greater reperfused) in the mTICI scale (Figures 1 and 2 ). Only M1 occlusions were included in this analysis to simplify estimation of the target downstream territory (ie, entire middle cerebral artery territory for M1 occlusion). For patients with tandem cervical internal carotid artery lesions, only the intracranial occlusion was used to determine the downstream territory.
Statistical Analysis
Clinical, imaging, and treatment data were summarized using standard descriptive statistics. Comparison of TIMI and mTICI for predicting good outcome (90-day mRS, 0-2) was performed using receiver-operating characteristic analysis. The method of DeLong et al 12 was used to compare the c-statistic. The optimal score threshold for the superior scale was then determined weighing sensitivity and specificity equally. A similar analysis was performed for 90-day mRS 0 to 3 and for mortality. The proportions of good outcome were compared across the mTICI grades using the χ 2 test. Statistical significance was set at P<0.05, and analyses were performed using MedCalc software (version 12.4.0.0, Ostend, Belgium). 
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Results
Six centers contributed 308 patients to this study. Before IAT, intravenous tissue-type plasminogen activator (IV) was administered to 59.1% (176 of 298) of patients. The mean time from stroke onset to groin puncture was 305±140 minutes (n=279). Angioplasty or stenting of a tandem cervical internal carotid artery lesion was performed in 19 (6.2%) cases. The distribution of final mTICI scores was 15.3% for score 0, 7.8% for 1, 28.2% for 2a, 31.5% for 2b, and 17.2% for 3. By definition, the percentages for TIMI scores 0, 1, and 3 were the same; the rate of TIMI 2 was 60.4% (combined mTICI 2a+2b). There was no difference in the time to treatment for patients grouped by final TIMI (ie, 0 versus 1 versus 2 versus 3) or mTICI grades (ie, 0 versus 1 versus 2a versus 2b versus 3). Nontarget emboli were reported in 4.6% (7 of 152).
Good outcome was achieved in 100 (32.5%) patients. Seventyeight (25.3%) patients were dead at 90 days. There was a 6.3% (18 of 286) rate of parenchymal hematoma type 2. Among patients who achieved either partial or complete reperfusion (TIMI 2-3 or mTICI 2a-3), earlier time to reperfusion was significantly associated with good outcome (mean 339 versus 424 minutes for good versus poor outcome, respectively; P<0.0001).
Prediction of Clinical Outcome: TIMI Versus mTICI
Adjusting for age, baseline National Institutes of Health Stroke Scale score, time to groin puncture, and time to reperfusion, both TIMI and mTICI were independent predictors of good outcome when entered separately in the logistic regression model. In receiver-operating characteristic analysis, mTICI was superior to TIMI for predicting 90-day mRS 0 to 2 (c-statistic: 0.74 versus 0.68 for mTICI versus TIMI; P<0.0001 for comparison). The optimal mTICI score threshold for identifying a good outcome was mTICI 2b to 3 (sensitivity 78.0%, specificity 66.1%). The proportions of good outcome for each mTICI grade are shown in Figure 3 . In stepwise comparison, the only significant difference was seen between mTICI 2a to 2b. Similarly, mTICI was superior to TIMI for predicting 90-day mRS 0 to 3 (c-statistic: 0.73 versus 0.68; P=0.0002) and mortality (c-statistic: 0.68 versus 0.63; P=0.001).
Discussion
mTICI is superior to TIMI for predicting functional outcome and mortality after intra-arterial therapy of middle cerebral artery M1 occlusions, supporting its use as the standard reperfusion grading scale. Furthermore, mTICI 2b to 3 (ie, substantial reperfusion in greater than half of the target downstream territory) is the optimal threshold for predicting 90-day independence and should be used as the target angiographic end point for technical success, instead of the traditional end point of TIMI 2 to 3 (ie, mTICI 2a-3). 
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The use of TIMI 2 to 3 rate as the historical benchmark for device effectiveness may help to explain the heterogeneous clinical response to reperfusion seen in previous device trials. 2, 13 The present results suggest that mTICI 2a (minor reperfusion) yields little to no improvement in the proportion of good outcomes compared with mTICI 0 to 1 (Figure 3) . Therefore, clinical outcomes in the TIMI 2 to 3 group are strongly dependent on the percentage of mTICI 2a results therein. In addition, the limitation of this end point has been highlighted by the Interventional Management of Stroke (IMS) III and Mechanical Retrieval and Recanalization of Stroke Clots Using Embolectomy (MR RESCUE) trials. 8, 9 They failed to demonstrate superiority of IAT despite high TIMI 2 to 3 rates (≈70-75%). The negative results are better explained by the low rates of mTICI 2b to 3 (27% in MR RESCUE and 40% in IMS III), which are well below the 68% rate reported by TREVO 2 (using a variant TICI 2b threshold of >67% reperfusion). 4 Future studies should evaluate the inter-rater reliability of the mTICI scale. However, data from Arnold et al 14 suggest that agreement should be high (κ=0.95 for <50% versus >50% reperfusion). Moreover, mTICI should be studied in intracranial internal carotid artery occlusions where the target downstream territory may be variably defined. It is anticipated that further refinements may increase prognostic accuracy, such as incorporating speed of reperfusion into the grading criteria. Consistent with previous studies, 15, 16 earlier time to reperfusion was associated with better outcomes in this cohort. Additionally, future work should investigate whether a different cut point for mTICI 2b (eg, 67% versus 50%) may provide a better prediction of clinical outcome.
Study limitations include its retrospective design and angiographic grading by local site investigators. Clearly, our results should be validated in a prospective data set, preferably using core laboratory adjudication. Nevertheless, our findings suggest that the superiority of mTICI is generalizable to diverse centers and readers. An additional limitation is the relatively long time from stroke onset to groin puncture (mean ≈5 hours). However, mTICI was superior to TIMI in both patients treated within 4.5 hours and those treated after this time (both P=0.01 for the difference in c-statistic). The strengths of this analysis include a study population that is homogeneous for occlusion level and the use of standardized reperfusion grading criteria, which is a major advantage over the previous literature.
